ABSTRACT An experiment was conducted to investigate the effect of dietary Ca level on the efficacy of phytase. A total of 288 male Ross × Ross 708 broilers with initial and final BW of 37 and 705 g, respectively, were used in brooder batteries from 0 to 21 d posthatch. Each treatment had 8 replications with 6 broilers/replicate pen. All diets were corn-soybean meal based and formulated to contain 1.26% total Lys. The treatments were positive control with 0.45% nonphytate P and 1% Ca and a negative control with 0.20% nonphytate P with 0.67, 1.00, or 1.33% Ca fed with or without 500 phytase units of Optiphos (Escherichia coli-derived phytase; JBS United Inc., Sheridan, IN). Increasing Ca from 0.67 to 1.33% linearly decreased (P ≤ 0.003) ADG, ADFI, bone breaking strength, bone weight, tibia ash weight, and percentage tibia ash; however, quadratic effects were found for ADFI, G:F, percentage tibia ash, and mortality (P ≤ 0.09). Phytase supplementation increased (P < 0.001) ADG, ADFI, bone breaking strength, bone weight, ash weight, and percentage tibia ash and decreased (P = 0.054) mortality. The increase in ADG, ADFI, bone weight, ash weight, and percentage tibia ash (P ≤ 0.026) and decrease in mortality (phytase × Ca linear; P = 0.058) from phytase supplementation was greater in broilers fed the higher levels of Ca. Calcium utilization was linearly decreased (P < 0.002) with increasing Ca. Phosphorus digestibility and utilization were increased with increasing levels of Ca (P ≤ 0.002); however, P utilization decreased at 1% Ca and increased at 1.33% (quadratic; P < 0.070). Phytase supplementation increased Ca utilization (P < 0.024), P digestibility (P < 0.001), and P utilization (P < 0.029). However, the increase in P digestibility (phytase × Ca; P < 0.021) was greater at the lower levels of Ca whereas P utilization (phytase × Ca; P < 0.001) was greater at 1.33% Ca with phytase supplementation. The results of this research indicate that dietary Ca level, within the ranges used in this experiment, does not negatively affect the efficacy of phytase.
INTRODUCTION
The use of phytase to hydrolyze phytate P in poultry nutrition is well established (Selle and Ravindran, 2007) . However, less than 35% of the phytate within diets for broilers is hydrolyzed by phytase enzymes when ileal disappearance is considered. This lack of complete hydrolysis leaves room for improvement in establishing how common ingredients supplemented to poultry diets affect phytase efficacy in the hydrolysis of phytate to provide inorganic P.
Calcium supplementation is critical to poultry production. However, because sources of Ca, namely limestone and oyster shell flour, are inexpensive compared with other mineral sources, little emphasis has been placed on determining the Ca requirement. The effect of Ca on the ability of phytase to hydrolyze phytate P is now receiving more attention. Applegate et al. (2003) reported that 0.90% dietary Ca reduced intestinal phytase activity by 9% and phytate P hydrolysis by 11.9% compared with 0.40% Ca. However, this study investigated only intestinal phytase, which is present in very small quantity, and leaves unanswered the question of Ca level effect on supplemental phytase. Tamim et al. (2004) used in vitro and in vivo techniques to investigate phytate P hydrolysis by both a 3-and 6-phytase at varying Ca levels. At pH 6.5, the lowest Ca inclusion of 0.1% reduced phytate P hydrolysis (in vitro). They then fed 0 or 500 phytase units (FTU) of a 3-or 6-phytase along with 0 and 0.5% supplemented Ca. Ileal phytate P disappearance was decreased by 43.8% when Ca supplementation was increased from 0 to 0.5%. This decrease was coupled with reductions of P and Ca disappearance by 38.5 and 12.7%, respectively, when Ca was increased in the diet. This study provides useful information; however, it had 2 major limitations. First, the dietary treatments were fed for only 30 h. Second, the level of 0.5% supplemental Ca was below the inclusion rate in the industry. This leaves the question of how broilers would respond over a longer time period with practical dietary Ca inclusion. Driver et al. (2005) investigated the effect of Ca and nonphytate P (nPP) level on phytase efficacy. They used 4 levels of Ca (0.38, 0.58, 0.78, and 0.98%) and 4 levels of nPP (0.2, 0.3, 0.4, and 0.50%). Growth and bone response to phytase was greatest at the low nPP and high Ca levels, and these responses decreased when Ca was reduced and nPP was increased. These data highlight the differences in results within the literature with regard to the effect of dietary Ca on the efficacy of phytase. Clearly, these researchers demonstrated that phytase efficacy is somewhat related to the level of Ca in the diets fed to broilers. However, the nature of this relationship is still unclear.
Because phytase is presently releasing less than 35% of the P bound to phytate, it is important to see whether this can be increased by providing more information on the effect of Ca level on the efficacy of phytase using practical levels of Ca and P. Therefore, the objective of this research was to investigate the effect of dietary Ca level on the efficacy of phytase.
MATERIALS AND METHODS
All methods used in these experiments were approved by the Louisiana State University Agricultural Center Animal Care and Use Committee. An experiment was conducted with Ross × Ross 708 broilers housed in environmentally controlled Petersime brooder batteries (Petersime Incubator Co., Gettysburg, OH) with a pen size of 38 × 100 cm and raised wire floors. Continuous fluorescent lighting was provided for the duration of the experiment. Broilers were weighed, wing banded, and randomly allotted on the day of hatch to dietary treatment. All diets were corn-soybean meal based and formulated to 1.26% total Lys and all other nutrients met or exceeded the requirements for 0-to 21-d-old broilers (NRC, 1994) , except for Ca and nPP where appropriate. Diets were formulated to meet the highest level of Ca and nPP and sand was used to replace the sources of Ca and P to achieve the treatment diets. Feed in mash form and water were provided for ad libitum consumption throughout the experiments (Table 1) .
A total of 288 male Ross × Ross 708 broilers with an average initial and final BW of 37 and 705 g, respectively, were allotted to 8 treatments with 6 replications of 6 broilers/replicate pen. The treatments were as follows: positive control with 0.45% nPP and 1% Ca, negative control (NC) with 0.20% nPP and 0.67% Ca, NC + 0.33% Ca, and NC + 0.66% Ca; 4 additional treatments were the same as the previously described 4 with the addition of 500 FTU of Optiphos (Escherichia coli-derived phytase; JBS United Inc., Sheridan, IN).The diets contained 0.50% chromic oxide for the determination of apparent P and Ca digestibility and utilization. Excreta were collected on d 18, 19, and 20 and samples were pooled by pen. Ileal samples were collected from 6 broilers/pen and pooled by pen to determine apparent ileal digestibility of Ca and P. Ileal samples were collected from the distal half of the ileum, which starts halfway between the Meckel's diverticulum to 1 cm proximal to the ileal cecal junction.
Broilers were weighed on d 0 and 21 for the determination of ADG, ADFI, and G:F. Broilers were killed by CO 2 asphyxiation and the left tibia was removed from all broilers, cleaned of adhering tissue, and frozen for determination of bone breaking strength. Bone breaking strength was determined using an HD 250 Texture Machine (Texture Technologies Corp., Scarsdale, NY) fitted with a 3-point bend rig with a load cell capacity of 250 kg and a cross-head speed of 100 mm/min. Feed, ileal, and excreta samples were analyzed for Cr, Ca, and P for the calculation of Ca and P utilization and digestibility. Apparent P and Ca utilization of excreta samples were calculated as 100 − [(marker diet × nutrient sample /marker sample × nutrient diet ) × 100]. The same equation was used for apparent ileal digestibility of P and Ca. Dietary Ca and total P were determined via inductively coupled plasma-emission spectroscopy after microwave (MarsXpress, CEM Corp., Matthews, NC) digestion of a 0.5-g sample with 7 mL of HNO 3 4 Contains 600,000 mg/kg of choline chloride. 5 The level of sand was changed based on the level of inclusion of monocalcium phosphate, limestone, and the phytase products.
6 Levels were calculated based on NRC (1994).
and 1 mL of HCl. Chromium was determined after digestion on a hot plate of a 0.5-g sample with a 70:30 mixture of perchloric and nitric acid. Dietary phytase was determined by the method of Chen (1996) . Data were analyzed by ANOVA procedures appropriate for a completely randomized design (Steel and Torrie, 1980 ) using the GLM procedure of SAS (SAS Institute Inc., Cary, NC). The pen of broilers served as the experimental unit. Orthogonal contrasts were used to examine phytase, Ca, and phytase × Ca interaction as a 2 × 3 factorial arrangement of treatments. Treatment differences were considered significant at α = 0.10.
RESULTS
Dietary analysis of Ca, P, and phytase were similar to formulated values (Table 2 ). Increasing Ca from 0.67 to 1.33% linearly decreased ADG (P < 0.001) and ADFI (P < 0.001); however, a quadratic effect was found for ADFI (P = 0.067) wherein the decrease in ADFI was greater at 1.33% Ca. Also, G:F (P = 0.008) and mortality (P = 0.030) decreased more at 1.00% Ca, resulting in a quadratic effect with increasing dietary Ca. Supplementation with 500 FTU of Optiphos increased ADG (P < 0.001) and ADFI (P < 0.001) and decreased mortality (P = 0.054). However, phytase supplementation increased ADG (Ca × phytase P = 0.003) and ADFI (Ca × phytase P = 0.002) and decreased mortality (Ca × phytase P = 0.058) more in broilers fed the higher levels of Ca. Mortality was <6% for all dietary treatments except for broilers fed 1.33% Ca without phytase, which had a mortality of 13.89%. Growth performances of broilers fed 0.20% nPP at all levels of Ca without phytase were all lower than that of broilers fed the positive control of 0.45% nPP and1% Ca (Table  3) .
Bone breaking strength, bone weight, tibia ash weight, and percentage tibia ash decreased (P < 0.001 to P = 0.003) with increasing level of Ca (Table 4) . However, the decrease in percentage tibia ash was quadratic (P = 0.090) because no difference was found in percentage tibia ash of broilers fed 1.00 or 1.33% Ca. Phytase supplementation increased (P < 0.001) bone breaking strength, bone weight, ash weight, and percentage tibia ash. The increase in bone weight (P = 0.006), ash weight (P = 0.008), and percentage tibia ash (P = 0.026) with phytase supplementation was greater in broilers fed the higher levels of Ca.
Calcium and P digestibility and utilization were calculated using the analyzed values for the nutrients and marker in the feed, excreta, and ileal samples. Increasing dietary Ca did not affect Ca digestibility. Calcium utilization was linearly decreased (P < 0.002) with increasing Ca. Phosphorus digestibility and utilization were increased with increasing levels of Ca (P ≤ 0.002); however, P utilization decreased at 1% Ca and increased at 1.33% (quadratic; P < 0.070). Phytase supplementation increased Ca utilization (P < 0.024), P digestibility (P < 0.001), and P utilization (P < 0.029). However, the increase in P digestibility (phytase × Ca P < 0.021) was greater at the lower levels of Ca whereas P utilization (phytase × Ca P < 0.001) was greater at 1.33% Ca with phytase supplementation (Table 5) .
DISCUSSION
Within the literature, differences exist in reported results with regard to the influence of dietary Ca on the ability of phytase to release available P from phytate. Applegate et al. (2003) reported a decrease in intestinal phytase activity and phytate P disappearance when broilers were fed 0.4% Ca compared with 0.9% Ca. Similarly, Tamim et al. (2004) reported that a low infusion of 0.1% Ca reduced phytate P hydrolysis in vitro and that 0.5% supplemented Ca decreased ileal phytate disappearance by 43.8% with the supplementation of 500 FTU of phytase. Driver et al. (2005) reported that growth and bone responses to phytase were greatest at the low nPP and high Ca levels, which contradicts the results of a decrease in the efficacy of phytase with Ca supplementation. Therefore, this experiment was conducted to investigate the effect of dietary Ca on phytase efficacy. Three levels of dietary Ca (0.67, 1.00, and 1.33%) were used, which represent 0.33% below and above the 1% recommended by NRC (1994) . The results indicated that increasing the Ca level without phytase supplementation decreased growth performance and bone characteristics. Optiphos supplementation at 500 FTU increased ADG, ADFI, and all bone response variables measured at the higher levels of dietary Ca; 1 Data are the means of 6 replications with 6 broilers/replicate pen. Average initial and final BW were 37 and 705 g, respectively, and the experiment lasted from 0 to 21 d posthatching.
2 Diets with 0.45% nPP were excluded from main effects analysis. 3 NS = not significant (P > 0.10). however, feed efficiency was not affected by phytase supplementation, which indicates that improvement in growth and bone responses were a result of an increased feed intake. This result is not in agreement with Selle et al. (2009) who, after reviewing the literature, concluded that dietary Ca level had a negative effect on phytase efficacy; however, this conclusion was based on the review of 3 reports. Furthermore, the interactions observed wherein Optiphos increased growth and bone responses more at the higher levels of Ca indicate that the high levels of dietary Ca used in this experiment did not negatively affect the efficacy of Optiphos; however, the lower level of Ca limited the response to phytase in that insufficient Ca was present to utilize the P released by Optiphos. This was supported by the finding that with phytase supplementation, the utilization of P was increased more in the broilers fed the higher levels of Ca. However, P digestibility was increased more at the lower level of Ca. This response suggests that the broilers fed the lower level of Ca had a higher excretion rate of absorbed P, indicating a deficiency of Ca for further utilization of absorbed P to further improve bone characteristics. This response is in agreement with results of Driver et al. (2005) who reported a greater increase in growth performance and bone characteristics of broilers fed 0.80% Ca compared with those fed 0.47% Ca with phytase supplementation. In summary, increased dietary Ca level decreased feed intake but did not negatively affect the efficacy of Optiphos. 
